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Hearing habits and audiological evaluation in adults
Estéreos pessoais: hábitos auditivos e avaliação audiológica 
Aline Hanazumi1, Daniela Gil2, Maria Cecília Martinelli Iório2
ABSTRACT
Purpose: To characterize the hearing habits of personal stereo users, 
without hearing complaints and to correlate the hearing habits and the 
audiological findings of these adults. Methods: Eighty-five adults (54 
females and 31 males), aged between 18 and 34 years, without occu-
pational noise exposure, and personal stereo users participated in this 
study. They answered a questionnaire about hearing habits and had their 
hearing tested at the Federal University of São Paulo. The procedures 
included: Pure Tone Audiometry; High-frequency Audiometry; Immi-
tance measures; Transient Evoked Otoacoustic Emissions (TEOAE) and 
Distortion Product Otoacoustic Emissions (DPOAE). Results: Study 
participants have been exposed for more than two hours daily to music 
presented through headphones for over four years, usually when while 
commuting. Difficulty understanding in a noisy environment increases 
with environment noise and twenty-one subjects reported having tinnitus. 
The majority is worried about hearing health and believes that bad habits 
can damage their hearing. There was a 6 kHz notch in the audiometric 
which is characteristic of Noise Induced Hearing Loss (NIHL). The 
longer the time (in years) of sound exposure, the greater the chance of 
TEOAE absence and incidence of tinnitus. Conclusion: The results of 
this study showed that, although individuals did not have hearing com-
plaints, issues related to noise exposure were observed, such as tinnitus, 
stress and difficulty understanding speech in noisy environments. 
Keywords: Audiology; Preventive health services; Music; Hearing loss; 
Risk factor
RESUMO
Objetivo: Caracterizar os hábitos auditivos e relacioná-los aos achados 
audiológicos de adultos sem queixas auditivas, usuários de estéreos pes-
soais. Métodos: Foram avaliados 85 indivíduos, com idades entre 18 e 
34 anos, com audição normal, sem exposição a ruído ocupacional. Todos 
responderam a um questionário de hábitos auditivos, disponibilizado na 
Internet e foram convocados para a avaliação audiológica: Audiometria 
Altas Frequências, Emissões Otoacústicas Evocadas por Estímulo 
Transiente (EOAT) e Emissões Otoacústicas Evocadas por Produto de 
Distorção (EOAPD). Resultados: Os participantes do estudo ficam ex-
postos à música por mais de duas horas diárias, há mais de quatro anos, 
normalmente em meios de transporte. Observou-se um entalhe em 6 kHz 
no delineamento da configuração audiométrica a partir das médias dos 
limiares auditivos de via aérea, característico de PAIR. Quanto maior 
o tempo (em anos) de exposição ao som, maior a chance de ausência 
de EOAT e incidência de zumbido. A maioria se preocupa com a saúde 
auditiva e acredita que os maus hábitos podem causar danos à audição. 
Conclusão: Embora os indivíduos não tenham apresentado queixas 
auditivas, aspectos relacionados à exposição ao ruído foram evidencia-
dos, tais como zumbido, estresse e relatos de dificuldade crescente de 
inteligibilidade de fala com o aumento do ruído ambiental. 
Descritores: Audiologia; Serviços preventivos de saúde; Música; Perda 
auditiva; Fatores de risco
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INTRODUCTION
Music is the art of organizing sounds in a coherent sequence 
so that an unified and continuous composition is produced(1). 
Nowadays, with the technological advances, it is easier and 
more practical to hear songs wherever and whenever one wants. 
However, something few people know is that the excessive use 
of personal stereos attached to headphones can cause irreversi-
ble damage to hearing. This hearing habit, when frequent and 
associated to exposure to other non-occupational noises in high 
pressure sound levels, is a Public Health problem because it 
reaches great part of the population.
The effects of auditory habits harmful to health have been 
studied by researchers around the world(2-6) and it is a major 
concern, especially in relation to youths and young adults(7-12).
Measures for preventing hearing loss, such as campaigns 
on hearing health and use of personal protection in situations 
of risk factors for hearing are highlighted in the literature(7,13).
The characterization of the auditory habits of the target 
population of a campaign of hearing prevention is extremely 
important as well as audiological examinations, such as high-
-frequency audiometry(14) and otoacoustic emissions(15), proce-
dures used in clinical practice not only for diagnosis, but also for 
prevention of hearing loss, since they may reveal early changes 
in the auditory system undetected in conventional audiometry.
Given the widespread use of personal stereos by the popula-
tion, the possibility of playing music for several hours and the 
sound pressure level which may be achieved, especially when 
used while on public transportation, it would be interesting 
to delineate the hearing profile of these personal stereo users.
Based on the above, the objectives of this study were: 1) 
Characterize the auditory habits of adult users of personal 
stereos, 2) Correlate the auditory habits of these adults with 
the results of the audiological evaluation.
METHODS
This study was conducted at Federal University of São 
Paulo (UNIFESP), after approval by the Ethics Committee 
(CEP) under protocol number 0545/09.
Individuals were selected to participate in the survey ac-
cording to the following eligibility criteria: age between 18 
and 34 years; be a user of headphones and personal stereos 
(minimum of one hour daily); no history of recurring otitis and/
or otologic surgery; not have family history of hearing loss; 
have no record of exposure to occupational noise; minimum 
schooling level of high school; normal audibility thresholds, 
namely, not exceeding 25 dB HL in the frequency range from 
250 to 8000 Hz and tympanometric curve type A.
Individuals in the sample of this study were invited to 
participate in the survey by email and through notes on the 
Intranet of the institution. The invitation provided information 
to the profile target of the study, according to the eligibility 
criteria listed, and included an attachment with the link to the 
questionnaire on auditory habits of these adults(16), available 
via internet (Google Docs). It was made clear that participation 
in the research would be formalized after signing the consent 
form, to be presented at the time of hearing assessment in the 
institution. It was also requested that the same email be sent, 
by volunteers, to those who might be eligible to participate in 
the research.
One hundred and nineteen questionnaires were answered. 
All the individuals were eligible for the study and were invited 
to an audiological evaluation at the institution. Of the 119, 85 
attended and had audiometric thresholds less than or equal to 
25 dB at frequencies from 0.25 to 8 kHz.
Conventional audiometry (250-8000 Hz) and high frequency 
audiometry (12000 Hz) were performed in a soundproof booth 
with GSI 61 (Grason Stadler®). Headphones Telephonics® 
TDH-50P with an impedance of 80 ohms.
The descending-ascending technique was adopted, i.e. the 
intensity of the stimulus is progressively reduced in 10 dB in-
tervals. The subject was instructed to raise his hand when he/
she heard the sound, however soft. If he/she did not respond to 
the stimulus, the intensity was increased in intervals of 5 dB. 
The threshold of audibility was obtained when the individual 
answered to at least two of four stimuli of the same intensity.
In order to check the condition of the tympanic-ossicular 
system, acoustic impedance measurements wereperformed. 
Interacoustics®, AT 235h model immitance meter was used 
to obtain values of static compliance, volume of the external 
ear (MAE) and peak of maximum compliance. The tympa-
nometry curve type A, considered normal, must present a 
maximum compliance point at or near atmospheric pressure 
within the range of 0 to 100 daPa for adults(17). In the analysis 
of tympanograms, only type A curves were included because 
they indicate middle ear normality, thus not affecting the tests 
of otoacoustic emissions. 
Otoacoustic emissions were performed in an acousti-
cally treated room utilizing ILO 96 Otodynamics®, London. 
Nonlinear click stimulus was used with regular pulses of 80 
microseconds, repetition frequency of 50 cycles per second and 
peSPL intensity of 80 dB (peak equivalent of sound pressure 
level) with -3 dB with bandwidth of 6000 Hz and a 20 milli-
seconds (ms) window. A series of 260 stimuli in blocks of 
four clicks in each evaluation was presented. The recording 
of the response was performed by positioning a probe with a 
rubber seal in the external acoustic meatus of the individual. 
The probe had a signal generator (which produces the click), 
transducer, microphone, amplifier, filters to cancel unwanted 
noise and response analyzer on the time axis. Before each test 
the position and stability of the probe (fit check) were checked. 
The Transient-evoked Otoacoustic emissions (TEOAE) were 
obtained with nonlinear click stimulus at moderate intensity 
(80 dBpeNPS or 45 dB HL), varying between 75 and 83 dB-
peNPS. The stability was always higher than 80%. The response 
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was considered present when the general reproductibility was 
greater than or equal to 50% with an amplitude greater than 
or equal to 3 dB in at least three consecutive bands of the fre-
quencies tested(18). The absence by frequency band was also 
analyzed, separately. In other words TEOAE was considered 
altered when absent in at least one of the frequencies.
The distortion product otoacoustic emissions (DPOAE) 
were obtained with stimuli f1/f2 to 70 dB (ratio of 1.2), up 
to 100 ms or 12.0 dB amplitude frequency. Responses were 
analyzed for 1000 Hz, 2000 Hz, 4000 Hz, 5000 Hz and 6000 
Hz. The response of DP1 (2f1-f2) was considered present when 
6 dB above the level of noise (S/N ≥ 6 dB), with a positive 
amplitude of response (greater than 5 dB) and negative value 
for noise amplitude(19).
Data were analyzed quantitatively, considering the distribu-
tion of simple frequency of the variables included in the ques-
tionnaire, the audiological findings and the relationship between 
the variables of the questionnaire and the audiological findings.
A descriptive analysis and chi-square test were used, when 
possible, with a significance level of 0.05 (α≤0.05). The non-
parametric Mann-Whitney test was also used.
RESULTS
The musical styles preferred informed by the participants of 
this study were pop and rock, both with 65 citations. Regarding 
the daily exposure to music, 38.8% (n=33) reported exposure 
for at least two hours, while 61.2% (n=52) stated to be exposed 
for more than two hours. The use of headphones for over four 
years was reported by 80% (n=68) of subjects.
Having joined “subway/car/bus” and “subway/bus” condi-
tions, 56.5% listened to music while commuting.
Of the 22 subjects who reported having had some practice 
with musical instruments, 59.1% (n=13) reported having over 
five years of experience. It was also found that 45.5% (n=10) 
rehearsed or practiced once a week. About going out at night to 
places with high levels of music, 65.9% (n=56) of subjects re-
ported that they had the habit of attending clubs, 40.0% (n=34) 
usually went to bars and 47.1% (n=40) had been to clubs one 
to three times in the last six months prior to the survey. The 
auditory rests, or “recovery intervals” (periods of reduced 
exposure to high intensity sound), have never been taken by 
21.2% of the subjects. 
Regarding speech intelligibility, it was observed that 
81.2% (n=69) had no trouble understanding speech in a quiet 
environment. In an environment with other people speaking, 
55.3% (n=47) reported mild difficulty. In an environment with 
people talking and loud music, 77.6% (n=66) said they felt from 
moderate difficulty to the point of not understanding anything.
Of the 85 individuals in the sample, 88.2% (n=75) said 
they were concerned about hearing health and 98.8% (n=84) 
believed that bad habits were likely to cause hearing problems. 
Despite normal air conduction thresholds in 0.25 to 12 kHz 
of both ears there was a notch in the frequency of 6 kHz, which 
is commonly found in Noise Induced hearing Loss (NIHL) 
(Table 1, Figure 1).
There were 95.3% of Otoacoustic Emissions by Transient 
Stimulus (TEOAE) in the right ear and 93.0% in the left. 
Distortion product otoacoustic emissions (DPOAE) were pre-
sent in 83.5% in the right ear and 80.0% in the left.
When comparing the time of use of headphones and tinni-
tus, it was observed that, of the 21 individuals who reported 
having tinnitus, 52.3% (n=11) had used headphones for over 
5.1 years; in other words, in this study, those who had used 
headphones for more than five years had a higher risk of having 
tinnitus (Table 2).
When analyzing the relationship between the workfield of 
the participants and their concern with hearing health, it was 
found that there was concern for hearing health regardless of 
the workfield (Table 3).
In relation to auditory rest intervals at clubs and the concern 
about hearing health, 66 of the 75 individuals, who answered 
both questions said they worried about hearing health. Of 
these, 36.4% (n=24) reported taking intervals of auditory rest 
sometimes and 19.7% (n=13) frequently, thus showing that 
56.1% had the habit of auditory rest, which is consistent with 
the statement of concern over hearing health.
It was not possible to apply statistical tests to analyze the 
relationship between time of use of headphones (in years) and 
TOAE but it was observed that among individuals with absence 
of left ear TOAE (n=6), four had been using headphones for 
over three years. There were four individuals with absence of 
right ear TOAE who had been using headphones for over three 
years. By analyzing this data and the comparison between tinni-
tus and time of use of headphones, it was found that the longer 
the individual had used headphones, the greater the occurrence 
of tinnitus and the absence of response to TOAE (Table 4).
Analyzing the relationship between the type of headset and 
the auditory thresholds in the frequency of 12 kHz, it was obser-
ved that the percentage of individuals with auditory thresholds 
greater than 25 dB at 12 kHz which used headphones inside 
the acoustic meatus was higher than the percentage of those 
who used the supra-aural (Table 5).
Figure 1. Average hearing thresholds at frequencies 1-8 kHz
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DISCUSSION
The tone thresholds in the conventional frequency range 
of participants in this study were within normal limits, in 
agreement with the French study(20) but disagreeing with the 
Korean study, which stated that the longer the exposure to music 
from personal stereos, the worse the auditory thresholds(21). 
However, the environmental factor i.e. the place where someone 
Table 1. Description of auditory thresholds of air or pure-tone thresholds for each ear at frequencies from 0.25 to 12 kHz
Ear Frequencies (kHz) n Minimum Maximum Average Standard deviation
Left
0.25 85 0 25 11.7 6.158
0.50 85 0 20 9.7 5.994
1 85 0 25 5.5 4.820
2 85 0 15 2.2 3.228
3 85 0 20 2.1 4.037
4 85 0 20 3.7 5.241
6 85 0 25 5.9 6.385
8 85 0 25 3.6 5.422
12 85 0 35 11.7 8.191
Right
0.25 85 0 25 10.9 6.614
0.50 85 0 20 9.7 5.635
1 85 0 15 5.5 4.011
2 85 0 15 2.0 3.300
3 85 0 15 2.3 3.826
4 85 0 20 4.0 4.928
6 85 0 20 5.9 6.099
8 85 0 20 3.9 5.406
12 85 0 45 12.8 8.535




Time of use of 
headphones
Less than one year
n  - 2 2
%  - 9.6 2.4
Between 1.1 and 3 years
n 12 3 15
% 18.8 14.3 17.7
Between 3.1 and 5 years
n 15 5 20
% 23.4 23.8 23.5
More than 5.1 years
n 37 11 48
% 57.8 52.3 56.4
Total
n 64 21 85
% 100 100 100
*There is no applicable test due to the low incidence of data
Table 3. List of areas of study or activity of the study participants and concern about the hearing health





n 2 44 46
% 18.2 59.5 54.1
Humanities
n 3 15 18
% 27.3 20.4 21.2
Exact sciences
n 3 11 14
% 27.3 14.8 16.5
Biology n 2 3 5
% 18.2 4.0 5.9
High School n 1 1 2
% 9.0 1.3 2.3
Total
n 11 74 85
% 100 100 100
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Tabela 4. Time of use of headphones (in years) and Transient-evoked Otoacoustic Emissions
Time of use of headphones (years)
TotalLess than  
1 year
Between 1 and 
3 years
Between 3 and 
5 years




n 0 1 2 3 6
% - 6.6 10 6.2 7
Present
n 2 14 18 45 79
% 100 93.4 90 93.8 93
Total
n 2 15 20 48 85
% 100 100 100 100 100
TEOAERE
Absent
n 0 0 1 3 4
% - - 5 6.2 4.7
Present
n 2 15 19 45 81
% 100 100 95 93.8 95.3
Total
n 2 15 20 48 85
% 100 100 100 100 100
*There is no applicable test due to the low incidence of data
Note: TEOAELE = Transient-evoked Otoacoustic Emissions – left ear; TEOAERE = Transient-evoked Otoacoustic Emissions – right ear
Table 5. Type of phone and auditory thresholds in the frequency of 12 kHz
What type of headphone?
TotalInside the ear 
canal




n 1 65 7 9 82
% 100 97 87.5 100 96.5
>25 dBNA
n  - 2 1  - 3
%  - 3 12.5  - 3.5
Total
n 1 67 8 9 85
% 100 100 100 100 100
12 kHz RE
≤25 dBNA
n 1 65 7 9 82
% 100 97 87.5 100 96.5
>25 dBNA
n  - 2 1  - 3
%  - 3 12.5  - 3.5%
Total
n 1 67 8 9 85
% 100 100 100 100 100
Note: LE = left ear; RE = right ear
is exposed to music, is important because it has a direct effect 
on the volume setting of the personal stereo(5). Moreover, the 
volume of the personal stereo is greater when the listening 
environment is street noise, followed by noisy environments 
with speakers and of silence(6), which can generate more risk 
of damage to hearing.
In a study involving non-professional musicians with at least 
five years of musical activity, tinnitus and hypersensitivity were 
observed in a minority of the sample(22), whereas in the present 
study there was a correlation between tinnitus and exposure to 
music on personal stereos for more than five years.
Data from this study relating to the performance of “re-
covery intervals” at clubs or places with exposure to music 
had similar results to those obtained in other studies. Several 
studies highlighted the importance of awareness campaigns 
which might improve the effectiveness of recovery intervals 
during exposure to music(7,23).
Data on concern about the hearing health were shown to 
be in accordance with the findings of a study conducted at the 
University of Illinois(24) and disagreed with another study, in 
which, of the 100.000 people who responded to the proposed 
questionnaire, only 8% considered the hearing loss as a serious 
problem(8). The results of this study also disagreed with the data 
from another study that examined the behavior and beliefs of 
American teenagers concerning listening to music with high 
sound pressure level. In this study, subjects said they listened 
to music at full volume on their MP3 players and would not 
accept their listening habits to be modified(25). It is also known 
that, although people are aware of the possibility of hearing 
loss from exposure to loud sounds, most believe that they will 
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not lose their hearing before they are old(26).
Although the auditory thresholds were considered quan-
titatively normal, there was the presence of a notch in the 
frequency of 6 kHz, a characteristic of Induced Hearing Loss 
by high Sound Pressure Levels. The same was observed in 
another study in a population with no auditory complaints(12).
Otoacoustic emissions research is crucial, since their absen-
ce suggests some kind of cochlear change. Chronic exposure 
to loud noise damages, initially, hair cells in the basal turn 
of the cochlea(27). One cannot overly stress the importance of 
otoacoustic emissions in personal stereo users(28). 
Exposure to music through the use of headphones for an 
extended period, along with other hearing habits, may be related 
to tinnitus, which may precede hearing loss(2). This agrees with 
the data of this research.
In the analysis of the relationship between the type of head-
set and the auditory thresholds in 12 kHz, it was observed that, 
although the percentage of individuals with auditory thresholds 
greater than 25 dB at 12 kHz who used headphones inside the 
acoustic meatus was larger than those who used supra-aural 
headphones, one cannot say that the former favors lower audi-
tory thresholds, since the data is small. However, studies have 
reported that the sound pressure levels of personal stereos were 
higher when the inside the ear canal earphone was used, i.e. the 
auditory system would be subject to a greater risk of permanent 
damage(5,6). The headphones can be attached to dampers or to 
a system for noise cancelling(29).
It was observed that although individuals did not have spe-
cific hearing complaints, some did have issues related to noise 
exposure such as tinnitus, and greater difficulty understanding 
speech in very noisy environment.
Hearing damage prevention campaigns can be of psycholo-
gical and social consequence, enhancing the awareness of the 
young population equipped with new technologies, and more 
likely to attend concerts, shows and nightclubs.
Future studies should be conducted, covering a wider social 
and economic range of population - including teenagers - in 
order to obtain an even better picture of the listening habits 
and audiological findings of the Brazilian population to a 
greater extent.
CONCLUSION
The most relevant auditory habits of the participants of 
this research were: exposure to music for more than two hours 
daily and for over four years with headphone, typically while 
commuting. The favorite musical styles are pop and rock plus 
habit of going to nightclubs and bars up to three times in the 
last six months for three to four hours. There were eventual 
auditory rest intervals for some. Difficulty understanding in 
noisy environment increases with noise. Most are concerned 
about hearing health and believe that bad habits can damage 
hearing. With respect to audiometric configuration, there was a 
6 kHz notch, which is characteristic of Noise Induced Hearing 
Loss. As to listening habits and audiological evaluation, the 
majority of individuals who reported tinnitus had been using 
headphones for over 5.1 years. Many of the individuals who 
presented hearing thresholds above 25 dB at 12 KHz had been 
using ear canal phones.
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